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A B S T R A C T Objective
To evaluate the intake of antioxidant nutrients by pregnant women being cared for in the Brazilian public health system and associated factors.
Methods
A cross-sectional study was carried out with pregnant women cared for in the public health system in the city of Maceió, Brazil, in 2014, including 385 pregnant women and their newborns, and the collection of maternal information (socioeconomic, personal, prenatal, dietary and anthropometric data), and after the babies' birth (gestational age, birth weight and length). Food intake was assessed by two 24-hour dietary reminders per pregnant woman with subsequent adjustments by the Estimated Average Requirement method. Data were processed and Pearson's correlation was used to evaluate associations, considering p<0.05 as signifi cant.
Results
A total of 388 pregnant women with a mean age of 24.06±5.92 years were studied, with inadequate intake and high variation of the following antioxidants: vitamin A (83.2%/62.7%), vitamin C (50.5%/75.7%), vitamin E (76.5%/60.2%), Selenium (60.8%/50.3%), Copper (98.5%/42.8%) and Zinc (79.6%/43.4%), respectively.
Additionally, the following associations were observed: the intake of vitamin A (p=0.02), Copper (p=0.01), and Selenium (p=0.01) with the maternal Body Mass Index; the intake of vitamin A (0.04) and Selenium (p=0.02) with the birth weight; and between vitamin A (p=0.04) with the birth length.
Conclusion
The low intake of antioxidant nutrients by pregnant women is a reality, being associated to the maternal Body Mass Index and the birth weight and length of the newborn.
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R E S U M O
I N T R O D U C T I O N
Gestation entails necessary adaptations to the maternal organism, aiming at the adequate generation of the baby, being thus considered as a heterogeneous period within the physiological and metabolic aspects of the woman's life [1] . There are changes in the cardiovascular and hemodynamic systems of the pregnant woman, situations that, when deregulated, lead to the development of complications in this period [2] .
Gestation is a pro-oxidant period, characterized by the presence of low-grade oxidative stress. However, the excessive production of reactive oxygen and nitrogen species, associated with the reduction of the antioxidant defense system, can affect endothelial function and thus, with some maternal and fetal disorders, such as preeclampsia, diabetes, preterm birth, spontaneous abortions, intrauterine growth restriction, among others [3, 4] .
The ingestion of dietary antioxidants can prevent the onset of gestational diseases that interfere with the oxidative stress, demonstrating the relevance of an adequate diet at this stage of life [5] [6] [7] , and the importance of diet as a way of protection from the effects of this stress [8, 9] .
Realizing that antioxidants act in the control of reactive oxygen and nitrogen species involved in oxidative stress, and the impacts resulting from this condition in the gestational period, the present study aims to evaluate the intake of antioxidant nutrients by pregnant women cared for in the public health system and its associated factors.
M E T H O D S
A cross-sectional study carried out at the Basic Health Care Units (50% of the total, which corresponded at the time of the study to 30 Basic Health Care Units, previously selected from a random draw) in the city of Maceió, Brazil, between February and August 2014, pregnant women carrying a single fetus, who resided in the city and who were cared for in the public health system. This study is part of a greater research, funded by the PPSUS/02/2013/ FAPEAL research project, approved by the Ethics and Research Committee, case n° 390.131.
The sample calculation was carried out with the aid of the Epi Info 7.0 software (Center of Disease Control and Prevention, Atlanta, Georgia, United States), and due to the absence of studies on the prevalence of the outcome of interest (oxidative stress during pregnancy), a prevalence of 50%, a sample error of 5% and a confidence interval of 95%, requiring a sample of 385 pregnant women.
After selecting the sample, made for convenience, pregnant women who were waiting for prenatal care on basic health care units and who were included in the inclusion criteria of the study were interviewed. For this purpose, a questionnaire of socioeconomic, personal, prenatal, dietetic and anthropometric data, previously tested by the research group, was composed of undergraduate nutrition students who were previously trained and supervised by a trained professional.
The socioeconomic factors were analyzed using the following variables: age group (≤19, 20-34 and ≥35), economic class (C/D/E) according to the Associação Brasileira de Empresas de Pesquisas (ABEP, Brazilian Association for Research's Companies) criteria [10] , employment (if working at home, or outside home), maternal education in years (<4, ≥4), monthly family income in relation to the minimum wage (BRL) (<1/2, 1/2-1, 1-2, ≥2) and per capita, taking into account the minimum wage for the year 2013 (BRL 678.00), the self-declared skin color (if the person declares himself as a person of color or not) and the number of members residing in the household (<5, ≥5).
For an anthropometric evaluation, performed in a reserved room within the Basic Health Care Unit, the weight and height variables were measured using a Marte LC200 ® (Marte Científica, São Paulo, Brazil) digital scale and portable stadiometer, which were used to calculate the Body Mass Index (BMI), considering the cut-off points established by Atalah Samur et al. [11] . We also investigated weight and pregestational BMI as well as weight gain during pregnancy considering the recommendations of the Institute of Medicine (IOM) [12] .
Two 24-hour Dietary Recalls (Rec 24h) were applied to evaluate nutrient intake, the first being at the time of application of the questionnaire and the second by phone, performed at intervals of up to one month after the initial collection, and analyzed by the Avanutri 4.0 ® (Avanutri, Rio de Janeiro, Brazil). nutritional evaluation and prescription system, which compiles to the Tabela Brasileira de Composição de Alimentos (TACO, Brazilian Food Composition Table) , the Instituto Brasileiro de Geografia e Estatística (IBGE, Brazilian Institute of Geography and Statistics) and the Phillip table to register the nutritional composition of foods.
The prevalence of nutrient intake inadequacies was estimated using the Estimated Average Requirement (EAR) as a cut-off point according to Vasconcelos et al. [13] , aiming to increase the reliability of the figures, since it is performed from of a statistical approach that adjusts the distribution of the observed nutrient intakes and eliminates or at least attenuates the impact of daily, inter-and intrapersonal variations.
Below is the step by step of the EAR method according to Vasconcelos et al. [13] :
Step 1: Establishment of the mean intake of nutrients from the two 24-hour Dietary Recalls applied;
Step 2: Verification and confirmation of the normal distribution of nutrients by the Kolmogorov-Smirnov test, considering p<0.05 as significant;
Step 3: Determination of intrapersonal and interpersonal variances by the Analysis of Variance (ANOVA) test. The intrapersonal variance is equivalent to the intrapersonal quadratic mean (square root of the standard deviation). And the interpersonal variance is calculated through an equation involving the interpersonal quadratic mean and the intrapersonal variance;
Step 4: Calculation of the adjustment factor, which is defined as the ratio between the interpersonal standard deviation and the observed standard deviation. The calculation of the interpersonal standard deviation is performed by calculating the square root of the interpersonal variance; the observed standard deviation is calculated through the square root of the observed variance, the latter calculated by an equation taking into account the values of the interpersonal and intrapersonal variance;
Step 5: Adjustment of each nutrient of interest, considering the average intake of the studied population, individual intake and adjustment factor;
Step 6: Calculation of the inadequate intake frequency from previously adjusted nutrient values, comparing with the EAR values established in the literature for each nutrient.
Subsequently, an evaluation of the variation of food intake was carried out through the coefficient of variability, calculated from the ratio between the standard deviation by the mean intake of the nutrient in question [14] .
The data of newborns (gestational age at birth (weeks), weight (kg) and birth length (C=cm)) and registered after birth in the city of Maceió Health Department Registration System. Data were processed using the Statistical Package for the Social Sciences software 20.0 (SPSS Inc., Chicago, Illinois, United States) and expressed as means, standard deviations and frequencies. Kolmogorov-Smirnov tests were used to evaluate data normality and the Pearson correlation coefficient (r) to evaluate the linear correlation between the variables of interest (maternal data and perinatal outcomes), with p<0.05 as significant.
R E S U L T S
A total of 388 pregnant women, with a mean age of 24.06±5.92 years, ranging from 14 to 44, being the majority (86.1%) members of the lower classes, with more than four years of study (94.6%), stay-at-home-mothers (71.1%), overweight (42.0%) and with an excessive weight gain (65.4%) ( Table 1) .
As for food intake, the average intake of carbohydrate, lipid and vitamins A and C, and average lows for Zinc, Selenium, vitamin E and Copper was adequate for the pregnant women studied. Regarding the inadequacy of nutrient intake, the lowest percentages of inadequacy were observed for carbohydrate and vitamin C, with 1.80% and 50.5%, respectively. While copper and vitamin A were the highest, with 98.5% and 83.2%, respectively (Table 2) . For Vitamin E, Zinc, and Selenium, inadequacy rates were 76.5%, 79.6%, and 60.8%, respectively.
Finally, there was a positive correlation between vitamin A (r=0.12, p=0.02), copper (r=0.14, p=0.01) and selenium (r=0.15; p=0.01) and the maternal BMI; between the intake of vitamin A (r=0.11, p=0.04) and selenium (r=0.13, p=0.02) with birth weight, and vitamin A with birth length (r=0.12, p=0.04) ( Table 3) . 
D I S C U S S I O N
This study aimed to characterize the intake of antioxidant nutrients by pregnant women who are cared for in the public health system of the city of Maceió, Brazil. The relevance of this type of study is based on the existing associations between the low intake of antioxidants and the development of perinatal repercussions, causing a strong impact on maternal-fetal health [15] [16] [17] .
Regarding the characterization of the socioeconomic profile and antioxidant intake, it was observed a low intake of basically all nutrients evaluated, a situation that may be associated with the low socioeconomic level of the studied group. It is known that the unfavorable socioeconomic pattern contributes to the selection of foods that are not nutritionally adequate [18, 19] , where in a study carried out with adult women in the city of Duque de Caxias, in the state of Rio de Janeiro, Brazil, it was noticed, as the years of continuous study passed by, that there was an improvement in the consumption of fruits and vegetables [20] .
The nutritional profile of pregnant women also raises concern due to the relationship between being overweight and increased inflammatory processes. This is due to increased production and secretion of pro-inflammatory adipokines by the adipose tissue, such as tumor necrosis factor alpha and interleukin 6 [21] . Additionally, excessive weight is directly related to oxidative stress, due to the intracellular accumulation of triglycerides, leading to mitochondrial dysfunction, a situation caused by the increase of electron transport and the generation of reactive oxygen and nitrogen species, potentializing the inflammatory process [22] .
Among the antioxidant nutrients analyzed, vitamins C and A were the only ones that presented mean intakes within the recommendations, despite the low percentages of adequacy for the intake of these vitamins. The adequate average intake of vitamin C by the pregnant women studied can be explained, since the daily recommended intake of vitamin C is easily reached when the consumption of a fruit that is source of this nutrient is part of the eating habits. In a study carried out in Nigeria, it was verified that pregnant women with pre-eclampsia had reduced plasma levels of vitamin C when compared to normotensive pregnant women, demonstrating their importance to maternal health [23] . In another study, there was a negative correlation between serum levels of malondialdehyde, a biomarker of oxidative stress and vitamin A, showing greater attention to the consumption of this nutrient [24] .
On the other hand, low daily intake means and a low percentage of individuals with adequate daily intake of vitamin E, Copper, Selenium and Zinc were observed. An in vitro study has shown that vitamin E potentiated cellular proliferation of placental cells, demonstrating a possible beneficial effect of this vitamin in pregnancy [25] , and these women who consumed this vitamin, compared to placebo, had a lower risk of placental displacement [26] . However, selenium, zinc, and copper are trace elements considered as antioxidant agents because they are cofactors of antioxidant enzymes, such as selenium-dependent Glutathione Peroxidase (GPx) and Superoxide Dismutase (SOD), which is dependent on Copper and Zinc in the cytoplasm [27] . Reduced levels of these drugs in pregnant women are associated with an inadequate amount of GPx and SOD, and may contribute to the increase of oxidative stress and endothelial dysfunction, which precede the development of atherosclerotic alterations [5, 6] .
In this research there was an association between vitamin A intake and birth weight and length, and selenium and birth weight. In a study carried out with pregnant women in the cities of Petrópolis and Queimados, Brazil, it was observed that the consumption of foods rich in antioxidant nutrients, rich in energy, was positively associated with birth weight. However, this situation is also associated with an increased transfer of amino acids, glucose, free fatty acids and triglycerides to the fetus, a situation that may contribute to the onset of health problems in children [28] .
On the other hand, the high coefficient of variability in the diet found in this research demonstrates the inequality in the food consumption of pregnant women who are cared for in the public health system. Our findings corroborate with those found in another study also carried out in the city of Maceió, Brazil, in a University Hospital, where a high variation in the intake of antioxidant nutrients was found, also highlighting a high disparity in vitamin C intake [7] . This finding is worrying because, in addition to the low consumption of antioxidant nutrients, the high percentages of variation in their intake indicate a high variation on the individual adequacy of these nutrients [29] , which may be associated with increased oxidative stress, leading to endothelial dysfunction and to an increase in inflammatory processes, situations that may lead to the emergence of adverse outcomes for the binomial pregnant-concept [30] .
Among the present limitations, it is worth noting the impossibility of applying more than two 24-hour Dietary Recalls (Rec 24h) per pregnant woman studied and the second 24-hour Dietary Recall was made by telephone, as well as the type of cross-sectional study, making it impossible to establish causal relationships between the low consumption of antioxidants and their related factors. Also, we highlight the limitation of information in the tables of composition regarding the nutritional composition of foods, which may have underestimated the consumption of some of the studied nutrients. However, we consider that the previous training of the team, as well as the standardization of the techniques used in the research, minimized biases that could exist due to the limitations of this study.
In addition, the present study corroborates with the knowledge that an adequate intake of antioxidants during gestation can prevent unfavorable perinatal outcomes. For this reason, public policies, the public health system, as well as the professionals involved, should be properly trained and sensitized to contribute to encouraging healthy dietary habits, which should include the consumption of foods which are sources of antioxidants.
Finally, it is important to carry out more studies in this area, and in different places of the country, in order to deepen the knowledge of dietary habits of pregnant women, including the foods most commonly consumed by this group, which are sources of antioxidants.
C O N C L U S I O N
The low intake of antioxidant nutrients by pregnant women is a reality, being associated with the maternal BMI and the birth weight and birth length of the newborn. The role of these nutrients during and after gestation is highlighted, evidencing the need for better nutritional monitoring.
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